The aim of the present study was to investigate the effects of regular participation in recreational table tennis training on bone health, body composition and lipid profile of elderly men. 20 regular recreational table tennis players (11.6 ± 3.6 years of experience) and 20 sedentary older adults (age, mass and sex matched of 65-75 years) participated in the study. Serum triglycerides, total cholesterol, HDL-cholesterol, and LDL-cholesterol concentrations were determined after 12 h fasting. Body composition was analyzed using dual-energy X-ray absorptiometry. Regular recreational table tennis participants displayed higher HDL-cholesterol (p = 0.03) and lower LDL-cholesterol (p = 0.04) and triglycerides (p = 0.002) compared to sedentary participants. In the regular recreational table tennis participants compared with sedentary participants, total (p = 0.001), sub-regional [lumbar spines (p = 0.001), arm (p = 0.006), leg (p < 0.008)] and site-specific [femoral neck (p = 0.007), trochanter (p = 0.03), and ward's triangle (p = 0.001)] bone mineral densities were higher. Body fat percentage (p = 0.04) and total and sub-regional fat mass [arm (p = 0.004), leg (p = 0.02), and trunk (p = 0.04)] were lower. There was no significant difference in the total and sub-regional lean mass between groups (p > 0.05). This study offers preliminary evidence to suggest that recreational table tennis training, with the potential for permanent implementation, is associated with beneficial effects on body composition and lipid profile in older adult men. Further research regarding recreational table tennis to be used as a health-promoting activity for older adults is warranted.
Introduction
Physical activities (PA), exercises, and sport contribute to physical health through their effects on cardiorespiratory fitness [1] , body composition [2] , muscular endurance [3] , strength, and flexibility. Sedentary behavior and the lack of engagement in sports in general are modifiable risk factor for coronary heart disease (CHD), obesity, type 2 diabetes, hypertension, metabolic syndrome and musculoskeletal diseases (osteoporosis and osteoarthritis) [4, 5] .
The importance and benefits of PA and sport as very low cost and the most effective preventive treatment for fighting the increasing worldwide incidence of non-communicated diseases is quite clear for health policymakers and politicians [1, 6] . Despite a lot of evidence supporting the health benefits occurred with increase of PA and sport, many challenges remain related to PA promotion. Some of the main obstacles facing those who try to promote PA includes lack of motivation, attraction and enjoyment, relatively high costs of facilities and transportation as well as difficult availability 1 3 of sports clubs, etc. [7] [8] [9] . Accordingly, developing and presenting physical interventions which motivate and attract target groups, require low costs, facilities, and space, and its easy accessibility can be effective on removing challenges of promoting physical activities and consequently enhancing healthy behaviors [10] .
Recreational sports, as a potential means to provide opportunities for the public participation in physical activities, have attracted growing attention by government [11] . Although there are a lot of young, older adult, and disabled people all over the world who are regularly involved in recreational sports such as table tennis, soccer, futsal, and badminton in the sports venues, parks and even homes, few studies have been conducted on the beneficial effects of those sports on the health profile of those participants [12] [13] [14] . Most studies conducted in relation to physical activities and health have in fact investigated the effects of sports such as walking [15] , jogging [16] , running [17] , cycling [18] and swimming [19] with relatively constant exercise intensity ranging from 30 to 90% of maximal oxygen uptake (VO 2max ). In this point of view, the Jeans Bangsbo group has published several papers demonstrating that for untrained men [12] [13] [14] , participation in regular recreational soccer training has significant beneficial effects on health profile and physical capacity, and in some aspects it is superior to frequent moderate-intensity running [14] . The beneficial effects of lifelong football training for muscle oxidative metabolism, and in the DNA repair and senescence suppression pathways are also reported by Mancini et al. [20] . Therefore, studies that investigate the effect of training engagement on recreational sports to improve the health profile and physical capacity are relevant, mainly due to enjoyment of this kind of physical activity which is self-selected by person. Very rare studies appear to have looked at the effects on the health profile of regular training with frequent and marked changes in exercise intensity, as occurs in table tennis training, except for football. Table tennis is considered an intermittent sport with short-term effort and rest periods [21, 22] , which can have very similar nature to the intensity interval training. The phosphagenic energy source (ATP-PCr) and the anaerobic glycolysis system contributes to producing energy during each effort period [22, 23] and aerobic system as principal output energy in full match (~ 96% of overall energy demand) [23] , because it is responsible for realizing the fast recovery in rest moments and enables the ideal physical conditions to the next rally [24] . In addition to the effects that table tennis can have over body composition and lipid profile due to its intensity interval features, some studies have been conducted on its effects on bone strength and density [25] and lean mass [26] . The jumping, power and fast movements [27, 28] are dominant factors of table tennis play, which can affect bone strength and density [29] . Thus, table tennis training may serve as an important alternative to training modalities traditionally applied to maintain physical function, health, and longevity in the aging population such as intensity interval training.
Although the effects of regular participation in table tennis on the health profile of professional participants are somewhat clear, effect of recreational table tennis on the heath profile has been underestimated. As such, the present study adds knowledge on how participation to recreational table tennis can be used as an activity to improve body composition and lipid profile in men aged 65-75 years of age. Generally, so far recreational table tennis has not been experientially recommended for different groups of individuals because relatively few studies have investigated its effects on physical health of different groups of population and age groups. Therefore, with regard to limitations of doing research and collecting data, we need more research before claiming suitable effects of table tennis regular practice. Thus, the aim of this cross-sectional study was to investigate the effects of regular participation in recreational table tennis players on bone health, body composition and lipid profile in older adult men. Based on the intensity interval training nature of table tennis training, we hypothesized that regular participation in recreational table tennis can improve body composition and lipid profile in older adult men. Further, it was expected that the extensive use of the upper extremities muscles through largely varied strain stimuli and few strain cycles (repetitions), and lower extremities weight-bearing activities through high/odd impact loading would lead to optimize osteogenesis in older adult men. Thus, we also hypothesized that the regular participation in recreational table tennis can improve bone quality in older adult men.
Methods

Study design
A descriptive cross-sectional study was adopted, and participants were recruited through presentations in the local community from November to May 2016 in the (Shiraz) city.
Participants
A total of 40 older adult men ranged in age from 65 to 75 years (age 69.3 ± 3.27 years, BMI 27.3 ± 1.98 kg/m 2 ) were enrolled: (1) 20 subjects with regular recreational table tennis participants (age 68.8 ± 4.6 years; BMI 26.9 ± 2.0 kg/ m 2 ) and (2) 20 subjects with age and activity-matched sedentary participants (age 69.5 ± 3.9 years; BMI 27.6 ± 1.9 kg/ m 2 ). Regular recreational table tennis participants had been involved continuously in table tennis for 5-19 years, with training experience of 11.6 ± 3.6 years, and weekly frequency of 3.5 ± 1.05 session (2-5 session), 1.5-3 h per session. The sedentary participants had not participated in a regular exercise schedule for at least 2 years and were less than 150-min moderate-intensity activity and 75-minintensity activity spread across the week, according to IPAQlong form score [30] .
The inclusion criteria were included: age range from 65 to 75 years; community living (not institutionalized); lack of regular participation in the other physical activities (such as walking, fitness classes); at least 3 h per week table tennis activities [31] ; minimum of 8 months table tennis history [32] ; and independence in activities of daily living. Participants were excluded if they reported a history of metabolic bone disease and taking of corticosteroids, which are known to have an effect on bone and calcium metabolism; a history of severe musculoskeletal disorders (such as back, knee or hip arthritic diseases) and/or previous arthroplasty surgeries and artificial implants, which can influence the body composition due to muscle wasting; a history of neurological problems/injures (such as Parkinson's disease, stroke, spinal cord injury, and cerebral palsy) which could influence the ambulation function and body composition; a history of endocrine disorders such as hypothyroidism and hyperthyroidism. Other exclusion criteria included taking medication, smoking, alcohol intake, hypertension, diabetes mellitus, liver disease and renal disorders.
All participants were informed of the study procedures and signed a term of informed consent. Before testing, all participants were fully familiarized with the laboratory and testing procedures. This study was approved by the Institution Review Board of (blinded) and met the STROBE study guideline of cross-sectional studies. All procedures were in accordance with the Declaration of Helsinki.
All participants reported in their pre-participation questionnaire that they followed their normal daily routine in regard to sleep, and nutrition and did not further control for these factors prior to each of the testing days.
Pre-participation control
Participants were interviewed to complete a calcium and vitamin D frequency questionnaire including daily amounts of calcium-containing foods [33] . Milligrams of daily calcium intake were calculated from these foods. The data obtained from this interview were used to control the effect of calcium nutrition on dependent research variables especially bone mass.
A face-to-face-guided interview focusing on physical activity using the Iranian version of IPAQ was performed with each participant [34] . Total weekly PA minutes were calculated for the following items: vigorous (heavy lifting, digging, aerobics, or fast bicycling), moderate (e.g., carrying light loads, bicycling at a regular pace, or doubles tennis), and walking within the domains of occupation, transportation, housework/gardening, and leisure-related activities. Participants were considered to have met CDC/ ACSM physical activity recommendations if they reported at least 150 min/week of moderate-intensity physical activity or 75 min/week vigorous intensity physical activity or equivalent mix of moderate-and vigorous-intensity physical activity [30] . The data obtained from this assessment were used to physical activity-matched controls of groups (for the table tennis group, other physical activities except table tennis training) to control the effects of other physical activity on dependent research variables.
Arterial blood pressure at rest
Resting blood pressure was measured over the brachial artery using a semi-automated device (DINAMAP™ XL, Critikon, Johnson & Johnson, Tampa, FL, USA). Four consecutive blood pressure measurements were taken, each 2 min apart. The first reading was discarded, and the mean of the next three consecutive readings was used in the study.
Lipid profile measurement
Serum levels of total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDLC), and triglycerides were immediately determined after 12 h fasting by a laboratory technician. The participants were instructed not to perform vigorous exercise for the preceding 24 h and to avoid caffeinated beverages 72 h before collection. The venous blood samples were obtained with consent in the sitting position from the antecubital vein. Measurements were performed according to the standard methods in a specialized laboratory at the University Hospital. Samples were deposited in vacuum tubes with a gel separator without anticoagulant (Becton & Dickinson, Franklin Lakes, NJ, USA) and were centrifuged at -4 °C for 10 min at 1500×g for serum separation. Serum samples from each participant were stored at − 20 °C until analysis. Thereafter, serum concentrations of total cholesterol and triglyceride were specified using commercial assay kits (Pars Azmoon inc., Tehran, Iran).
The LDL-C was calculated using the Friedewald et al. [35] equation, where LDL-C = total cholesterol − (HDL-C + TGL/5). The analyses were carried out using a biochemical autoanalyzer system (Dimension RxL Max-Siemens Dade Behring) according to established methods in the literature consistent with the manufacturer's recommendations [36] .
Whole-body composition
Body mass was measured on a digital scale (SECA 760, Vogel & Halke GmbH & Co., Hamburg, Germany) to the nearest 0.1 kg and height was measured to the nearest 0.1 cm. Body mass index (BMI) was calculated using the formula body mass/height 2 (kg/m 2 ) [37] . Total and regional body composition was measured using a dual-energy X-ray absorptiometry (DXA) scan (GE, Lunar Prodigy, USA), as previously reported [25] . Prior to scanning, participants were instructed to remove all objects containing metal. Scans were performed with the participants lying in the supine position along the table's longitudinal centerline axis. Participants remained motionless during the entire scanning procedure. The procedure lasted 10-15 min for each individual and was conducted by a skilled laboratory technician who had calibrated the device using a lumbar spine phantom and according to the manufacturer's recommendations as well. The enCore 2003 Version 7.0 software generated standard lines that set apart the limbs from the trunk and head. These lines were adjusted by the same technician using specific anatomical points determined by standardized segmentation protocol that is described elsewhere [38] .
Lean mass (kg), fat mass (kg), and BMC (kg) were calculated from total analysis of the whole body scan. BMD (g/ cm 2 ) was calculated using the formula BMD = BMC area 1 . The body fat percent (%BF) was calculated by dividing fat mass by the total scanned mass.
Additionally, total body scan sub-regions were reported. The sub-regional analysis was performed as described elsewhere [39] . Lean mass was assumed to be equivalent to the muscle mass, but only in the limbs [40] . The arm region (including the anatomical arm, forearm, and hand) was separated from the trunk by an inclined line crossing the scapulohumeral joint, such that the humeral head was located in the arm region. The leg region (including the upper leg and the lower and foot) was separated from the trunk by an inclined line passing just below the pelvis.
Special assessment was conducted to measure bone mass in the lumbar vertebra regions L 1 -L 4 and left complete proximal femur including the femur neck, trochanter intertrochanter region, and Ward's triangle.
In our laboratory, the coefficients of variation were 0.6% for whole body BMC, 0.9% for whole body BMD, lower 1.4% for femoral regions BMD, 0.9% for lumbar spine BMD, 1.9% for whole body fat mass, and 1.6% for whole body LM.
Statistical analyses
The data were analyzed using the SPSS 18.0 software (SPSS Inc., Chicago, IL, USA). Descriptive statistics were provided for all variables in this study, and also to participant characteristics. The results are presented as mean ± standard deviation (SD) and lower/upper 95% confidence interval (95% CI). The Shapiro-Wilk and Lilliefors (used for variables with less than 50 samples) tests were used for normality analyses. Because the normality was not rejected, independent t test was used to study the differences between the two groups. For all statistical procedures, the significance level was set at p < 0.05. The effect size Cohen's d (ES) was calculated for all variables between groups. Thresholds for small, moderate, and large effects were 0.20, 0.50, and 0.80, respectively [41] .
Results
Pre-participation control
Daily amounts of calcium intake and vitamin D intake were not significant differences between the two groups p = 0.63 and p = 0.73, respectively). About weekly PA minutes, there were no significant differences in vigorous-intensity PA (p = 0.41), moderate-intensity PA (p = 0.13), and walking (p = 0.07) among the groups, but sitting time was significantly higher in the sedentary participants compared to the regular recreational table tennis participants (p < 0.01) ( Table 1) . Table 2 shows the demographic characteristics of participants according to groups. There were no significant differences in age, body weight, height and BMI among the groups. Body fat percentage in the regular recreational table tennis participants group was significantly lower than that in the sedentary participants (p = 0.04).
Demographic characteristics
Lipid profile
The total cholesterol level was not different between the two groups (p = 0.06), whereas LDL-C level (p = 0.04), triglycerides level(p < 0.01), and total cholesterol/HDL-C ratio (p = 0.04) in the sedentary participants were significantly higher than the regular recreational table tennis participants, whereas HDL-C level and HDL/LDL ratio in sedentary participants were significantly lower than the regular recreational table tennis participants (p = 0.03 and p = 0.03, respectively) ( Table 3) .
Body composition
Total fat mass (p < 0.01) and sub-regions fat mass including arm (p < 0.01), leg (p = 0.02), and trunk (p = 0.04) were significantly higher in sedentary participants than the regular recreational table tennis participants (Table 4) .
Regarding lean mass, there was no significant differences in total (p = 0.39) and sub-regions (arm (p = 0.12), leg (p = 0.32), and trunk (p = 0.43) between the groups (Table 4) .
Total body BMD in the sedentary participants was significantly lower (p < 0.01) compared to the regular recreational table tennis participants. Sub-regions of the lumbar spines (p < 0.01), arm (p < 0.01), leg (p < 0.01) were significantly lower in the sedentary participants compared to the regular recreational table tennis participants, but thoracic spine BMD was not significantly different among the groups (p = 0.13). Site-specific BMD showed to be significantly different among the groups for femoral neck (p < 0.01), trochanter (p = 0.03), and ward's triangle (p < 0.01) ( Table 4 ).
Discussion
The current study is the first to investigate the effects of regular participation in recreational table tennis players on bone health, body composition and lipid profile of older adult men. The present study shows that the lipid profile in the regular recreational table tennis participants was better than those in sedentary older adults. Total fat mass and sub-regions fat mass in the regular recreational table tennis participants were lower than those in sedentary older adults, but total, sub-regions, and site-specific BMD were better than those in sedentary older adults. These results suggest that regular participation in recreational table tennis may have a positive effect in the prevention of lifestyle-related diseases in older adults. Based on the National Health Service (NHS) recommendations, 30% of regular recreational table tennis participants compared to 60% of sedentary participants have higher LDL-C, whereas 10% of regular recreational table tennis participants compared to 35% of sedentary participants have lower HDL-C [42] . Generally, fasting LDL-C was 8.3% lower and HDL-C was 17.37% higher in the regular recreational table tennis participants compared to the sedentary participants which show a considerable importance, since increase of LDL-C and decrease of HDL-C, HDL-C/ LDL-C ratio and total cholesterol/HDL-C ratio are important predictors of CHD, diabetes, hypertension and kidney diseases, they are of the leading causes of death worldwide [43, 44] . In addition, more than 200 risk factors for CHD have now been identified; the single most powerful predictor of CHD risk is abnormal lipid profile [45] . Another highly considerable point is that more than half of cardiovascular diseases (CVD) are attributed to lipid abnormalities [45] . In accordance with the present results, previous studies have also demonstrated positive effects of sports such as recreational football [14, 46] , rowing [47] , swimming [19] and recreational tennis [48] on the lipid profile in the youth and older adult people. However, this is the first study regarding the recreational table tennis as a popular and amusing sport. In a recent study review, it is shown that regular physical activities lead to the increase of HDL-C level, control of LDL-C and they theoretically prevent the offsetting increases of triglyceride [49] . It has been shown that increasing the energy expenditure related to aerobic exercise (by increasing the exercise intensity or duration) positively affects the lipoprotein lipase (LPL) activity, HDL-C levels and lipid profile [50] , consistently during the resistance training. The increase of movements volume (by the number of sets and/or repeating) compared to exercise intensity (e.g. by high weight low repetition) has more impact on the lipid profile [51, 52] . It seems that recreational table tennis, due to its intermittent activities that dominantly depends on ~ 96% of aerobic energy [23] , could also increase the ability of skeletal muscles to use the carbohydrates and fats, leading to decreasing the plasma lipids. Recreational table tennis possibly decreases LDL-C and increases HDL-C and HDL-C/LDL-C ratio due to removing plasma LDL-C and fat oxidation by increasing the activities of lipolytic, LPL and hepatic lipase enzymes [49, 53] . Furthermore, recreational table tennis participants may be a consequence of increased formation of HDL from increased functionality of RCT process through enhanced capacity of plasma to promote cholesterol efflux, increased concentration of preβ1-HDL, and increased activity of Lecithin cholesterol acyl transferase (LCAT) [54] . Increased plasma HDL-cholesterol levels are one of the multiple anti-atherogenic and antithrombotic mechanisms by which physical exercise reduces the risk of primary and secondary events. The available data in this study verify the positive effect of regular participation in recreational table tennis on the lipid profile of the older adult people. Such knowledge can be used in preventing and managing dyslipidemia, while decreasing the risks of CHD, type 2 diabetes hypertension and metabolic syndrome. Physicians and physical trainers can encourage their patients to physical activities such as recreational table tennis as much as possible to achieve the optimal benefits, by considering their basic conditions. In regular recreational table tennis participants, fat mass and BF% were 3.35 kg and 2.58% lower than the sedentary participants, respectively, for which the major cause of difference was due to the difference of fat in the trunk area. In accordance with the present results, Laforest et al. [55] showed that regular participation in recreational tennis decreases the body fat. In this study, the fat mass difference for the regular recreational table tennis participants and the sedentary participants was more prominent compared to the studies which had used football [46] , aerobic running [56] and swimming [19] as the intervention. The lower body fat in regular recreational table tennis participants compared to the sedentary participants is an important finding, because obesity has become a global epidemic with more than 1.9 billion overweighed adults (BMI > 25) and at least 600 million people with clinical obesity (BMI > 30) [57] . Lean mass in the regular recreational table tennis participants was 1.7 kg higher than the sedentary participants, which was not statistically meaningful. Unlike the results of the current study, Kondrič et al. [58] showed that recreational football leads to meaningful increase of lean mass and a major part of this increase is due to the lean mass of lower limbs. This is probably due to the necessity of this attribute in the lower limbs for football [59] ; however, this is not necessary for success in table tennis [58] .
In our study, BMD was 5.7% higher for the regular recreational table tennis participants than the sedentary participants. In a retrospective study, it is observed that the athletes who participate in odd-impact sports such as football and squash have 20% thicker cortex around the femur neck compared to healthy sedentary individuals [60] . Moreover, the findings of the current study are consistent with the studies which have demonstrated the effect of football as a bone health intervention in healthy older adult men [61] . Carrasco et al. [62] have also shown that there is a meaningful relationship between the weekly PA hours and BMD in both healthy people and those who suffer from osteoporosis. The studies have shown that high-impact and weight-bearing exercises are primarily important for increasing the bone mass. Another factor that could be effective in increasing BMD is the muscle power output during the exercise and increase of muscle strength over time [63, 64] . This could be due to the fact that the force exerted by the muscle on the bone could stimulate the bone formation and increase of BMD. Most of the bone formation activities are those which put small amount and high-frequency strain on the bone. Usually, such strains are obtained by weight-bearing impact loadings and high-intensity progressive resistance trainings (HIRT) or power trainings. This finding supports the exercise advice provided by the American College of Sports Medicine (ACSM) regarding physical activities and bone health which has suggested 20-40 min of weightbearing endurance activities such as tennis, at least three times a week for increasing the bone minerals in children and teenagers and 30-60 min of these activities at least three times a week for maintaining the bone health in adults [65] .
The current study has some limitations. First, this study adopted a cross-sectional design, and we enrolled only healthy elderly men in the community. Participants may have engaged in other lifestyle behaviors that may affect the outcomes of interest. Although we attempted to control effects of other lifestyle activities using self-report interview, we recommend that these variables be considered in future investigations. Since the research subjects only consist of senior 65-75 years-old men, the generalization of the results to other age groups and sex is limited. In addition, not investigating the pre-inflammatory and anti-inflammatory markers could be another limitation of the current study. On the other hand, to our knowledge, our study is the first study which has investigated the effect of recreational table tennis on the body composition and lipid profiles in older men and as a result, it has a significant contribution to the current body of literature. Randomized controlled trial (RTC) 1 3 studies in the future by collecting physiological, psychological and sociological data could provide valuable information regarding the effect of recreational table tennis practices for the young male and female, adults and senior participants with the risk of lifestyle diseases.
Conclusions
It was suggested that recreational table tennis is an appropriate type of exercise that could be used as a health-promoting activity with a potential for constant implementation without changing the participant's diet. Therefore, we can conclude that participation in regular recreational table tennis training can attenuate risk factors of CHD and metabolic syndrome and loss of BMD and lean mass. Our results suggest that regular recreational table tennis exercise may have a positive effect in the prevention of lifestyle-related diseases in older men.
